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The wide-spread use of broad spectrum antibiotics has renewed the interest
in Candida (Monilia) albicans infections. Recent reports have described rapid
diagnostic tests designed to differentiate the pathogenic and non-pathogenic
members of this genus. Classically, the identification of the various species has
been based upon both chlamydospore formation and biochemical activity (1—4).
Serological tests, until recently, were of little diagnostic significance, due to an
apparent heterogeneity of species antigens. Studies by Tsuchiya, et al (5) based
on antigenic analysis indicate the presence of seven species specific antigens.
Other serological tests for Candida are concerned with evidence of infection
rather than the rapid identification of species (6). In 1952 Weld (7), employing
a modified eosin-methylene blue medium incubated under increased CO2-tension
for 18—24 hours, observed a spidery or feathery type of growth in colonies of
C. albicans. Nickerson (8), studying sulfite reduction by yeasts, observed the
development of brown-black colonies by Candida species on a bismuth sulfite
medium. This method, as currently employed, is not specific for the identification
of Candida albicans (9). In 1956 Shapiro and associates (10) observed that
characteristic colonies of C. albicans developed on Littman's oxgall agar in 2—3
days. Pavlatou and Marcelou (11) have described a carrot-bile medium in
which the typical chlamydospores of C. albicans are formed in 18—22 hours.
While examining routine vaginal specimens cultured on 10 per cent human
blood agar incubated under increased C02-tension, many yeasts were isolated
which gave rise to filamentous-like colonies, similar to those described by Weld
(7). This report compares our observations with some of the other procedures
currently in use.
MATERIALS AND METHODS
All routine sputum, throat and vaginal cultures submitted to the Baylor
diagnostic laboratory were examined for the presence of yeasts. Primary isolation
in each instance was made on 10 per cent human blood agar plates incubated in
a candle-jar at 370 C. Of the 149 cultures studied approximately 70 per cent
were of vaginal origin.
A. Cultural
1. Corn Meal Agar. White corn meal was extracted with distilled water,
filtered through gauze and prepared in a 2 per cent agar base. The Candida
cultures were streaked and slashed on this agar and incubated at room tempera-
ture for eight days. The colonies were examined both macroscopically and
microscopically for details of mycelial growth and chlamydospore formation.
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2. Nickerson's Chlamydospore agar (Difco) was prepared according to the
directions of the manufacturer. The Candida cultures were streaked onto agar
plates and incubated at room temperature for 5 days. Wet mount slides pre-
pared with Lactophenol cotton blue were examined microscopically for the
presence of chlamydospores.
3. Blood agar was prepared by adding 10 per cent citrated human blood to
Bacto brain heart infusion agar (Difco). The Candida cultures, streaked onto
this agar, were incubated in a candle-jar at 37° C. for 2 days. The plates were
then examined for spreading filamentous growth of colonies.
4. Fermentation media was prepared by adding one per cent Seitz filtered
carbohydrate to sterile CTA Medium (BBL). Cultures grown in carbohydrate-
free media were seeded to tubes of the semi-solid medium and examined for
acid production after 72 and 144 hours incubation at 37° C. The Yeasts were
classified on the basis of the fermentation after Martin et al (2, 3).
5. Through the courtesy of the Ortho Pharmaceutical Corporation, "Nicker-
son's Medium for diagnosis of Candida (Moniliasis)" was obtained. The cultures
were identified according to the procedure outlined by Nickerson (8).
6. Littman's oxgall agar (Difco) was prepared according to directions ac-
companying the media. Cultures were streaked on the plates and incubated at
room temperature for 72 hours. Classification was based on the criteria estab-
lished by Shapiro et al (10).
B. Serological
1. One culture, identified on all media as C. albicans, was selected for the
production of immune serum. This culture was inoculated to Sabouiaud's agar,
incubated at 37° C. for 24 hours, harvested, washed and resuspended in physio-
logical saline to a concentration of approximately three billion yeast cells per ml.
This suspension was heated at 60° C. for four hours and formalin was added to
yield a final concentration of 0.5 per cent. Sterility of this vaccine was determined
by inoculation into thioglycollate medium. The vaccine (1.5 ml) was emulsified
with 2.0 ml paraffin oil and 1.5 ml Aquaphor, and injected subcutaneously into
a rabbit. This injection was repeated after 7 days. Three and six days later 2.0
ml of the vaccine alone was injected intravenously. Two weeks after the final
TABLE I
Comparison of blood agar CO2 and Nickerson's chiamydospore agar
Species C. C.
No of Strains Albicans Tropicalis
C. C. Stella-
Krusei toidea
C. Pseudo
tropicalis
Total
Error
Blood agar CO2
Positive for filaments 83 3 0 3 1 7.4
Nickerson's Medium
Positive for chiamydospores 44 5 10 0 33.6
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FIG. 1. G. albicans after 48 hours incubation on human blood agar in the presence of
6-8% Co2.
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FIG. 2. G. tropicalis after 48 hours incubation on human blood agar in the presence of
6-8% Co2.
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FIG. 3. G. stellatoidea after 48 hours incubation on human blood agar in the presence of
6-8% CO.
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TABLE II
Co?nparison of Nickerson's "Ortho" and Littman's oxgalt media
"Ortho" Littman's
C. albicans
C. tropicalis
C. krusei
C. stellatoidea
No. positive 6
No. strains 28
False positives 0
No. strains 19
False positives 0
No. strains 2
False positives 0
No. strains 4
25
27
6
13
1
3
1
2
Total % error 43.2% 22.2%
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injection of vaccine the rabbit was bled and the agglutinin titer against the
immunizing strain of C. albicans was determined.
2. The same culture was inoculated to corn meal agar and incubated at room
temperature for 8 days. The culture consisting of mycelium, chiamydospores
and yeast cells was harvested and a vaccine was prepared as described in B. 1.
A rabbit was immunized employing the same schedule as outlined above.
3. Agglutination tests were prepared by mixing 0.5 ml of serial dilutions of
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the antiserum with 0.5 ml of turbidometrically standardized saline suspensions
(approximately 3 X 106 cells/ml) of the individual strains grown for 24 hours in
Sabouraud's glucose broth. The tubes were incubated at 37° C. for 16—18 hours,
with at least 3 shakings during this period, and the highest dilution of antiserum
exhibiting agglutination visible with a hand lens recorded.
RESULTS
The 149 yeasts isolated were classified according to their macroscopic and
microscopic colonial appearance on corn meal agar and their fermentative
activity in the presence of glucose, maltose, sucrose and lactose. The following
distributions of strains was observed: 87 C. albicans, 38 C. tropicalis, 12 C.
stellatoidea, 9 C. krusei, and 3 C. pseudotropicalis.
Table I indicates the comparison between the appearance of filaments oii
blood agar and chlamydospore formation on Nickerson's medium in identifying
C. albicans. While fewer false positives were observed on Nickerson's medium,
the incidence of false negatives was considerably higher. It was observed in
examining the cultures from Nickerson's medium, that many cells other than
chiamydospores absorbed the dye, a factor which could mask the presence of
chlamydospores in some cases. Figures 1, 2 and 3 show the appearance of C.
albicans, C. tropicalis and C. stellatoidea on blood agar after 48 hours incubation
in the presence of C02, 6—8%.
Table II shows the comparison between Nickerson's "Ortho" medium and
Littman's oxgall agar in the diagnosis of C. albicans. The original procedure
outlined by Nickerson was employed in classifying the Candida species. In
contrast, Littman's oxgall agar was used according to the criteria established
by Shapiro and was specific only for C. albicans. No false positive readings were
obtained employing the "Ortho" medium but the percentage of false negatives
was high. In contrast, few false negatives were encountered with the Littman's
agar but the percentage of false positives was high.
Figure 4 indicates graphically the distribution of titers to the yeast cell anti-
serum. The average titer of the strains of C. albicans was 1:234 but approxi-
mately 25 per cent had titers of 1:40 or lower. C. tropicalis had an average
titer of 1:61. C. stellatoidea 1:70, C. krusei 1:76 and C. pseudotropicalis 1:107.
Titers determined with the chlamydospore antiserum were in general lower
but the distribution was sufficiently similar to negate any practical application.
CONCLUSIONS
1. For rapid diagnosis of C. albicans, blood agar plates incubated under 6—8 %
CO2 at 37° C. provide a relatively accurate method of classification which is
available in the routine laboratory without employing special media.
2. Agglutination technics utilizing yeast cell and chlamydospore antiserums
prepared with C. albicans were not sufficiently specific to be of practical diag-
nostic value.
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